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SENSORS 



SMARTEN UP 

A NEW SMART-SENSOR STANDARD PROMISES 
TO BRING ORDER TO THE CHAOTIC WORLD 
OF SENSORS AND THEIR INTERFACES TO jxCs 
AND NETWORKS. EMERGING 1451.2-COMPU 
ANT PRODUCTS EASE SYSTEM-DESIGN 
EFFORTS AND CUT COST AND SIZE. 



CONNECTING SENSORS AND TRANS- 
DUCERS to a network, for example, to 
one of the many fieldbuses, has tradition- 
ally entailed a major design effort. Sensor 
calibration and compensatory correction, 
timing issues, and the sensor/ u,C/network 
digital interface are some of the many fac- 
tors you must address to achieve a suc- 
cessful design. The IEEE 1451.2 smart-sen- 
sor standard promises to topple the 
I multistandard Tower of Babel by estab- 
| lishing standard transducer/ u.C/network 
I protocols (Reference 1). Several recent 
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products and development tools 
embody the IEEE 1451.2 protocols; 
you can expect to see an avalanche 
of products in the near future as the 
standard gains acceptance. 

In simplest terms, IEEE 1451.2 
specifies an "electronic data sheet" 
in a sensor module and also speci- 
fies a digital interface 
to access the data 
sheet, read sensor 
data, and set actu- 
ators (see sidebar 
"IEEE 1451.2 comes 
in four flavors"). The 
standard attempts to re- 
lce the complexities de- 
signers have traditionally faced 
in establishing communications be- 
tween various networks and trans- 
ducers. These complexities include 
wiring, installation, calibration, er- 
ror correction, and addressing net- 
work protocols. The goal of the 
IEEE 1451.2 standard is to provide 
an industry-standard interface to ef- 
ficiendy connect transducers to u,Cs 
and to connect u.Cs to networks 
(Reference 2). 

The IEEE 1451.2 standard adds 
some new terms to your already 
brimming tureen of alphabet soup: 
smart-transducer interface module 
(STIM), transducer-independent in- 
terface (Til), transducer electronic 
data sheet (TEDS), and network-ca- 
pable application processor (NCAP). 
Figure 1 shows a typical installation 
using the IEEE 1451.2 standard. 
Reference 3 gives details about the 
STIM, Til, TEDS, and NCAP. The 
STIM, for example, contains the 
TEDS, the control and status regis- 
ters, interrupt masks, address and 
function-decoding logic, trigger, 
and trigger-acknowledge functions 
for the digital interface to the TIL 
The Til contains data- transport, 
clock, triggering, and acknowledge 
lines. 
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AT A GLANCE 

>IEEE 1451 gives sensors Javalike 
network independence. 

^Electronic data sheets in IEEE 1451.2 
smart-transducer interface modules elimi- 
nate onerous manual calibration. 



> Network-capable application-processor 
(NCAP) correction engines use transducer- 
electronic-data-sheet data to linearize and 
compensate sensors. 



Operations that occur in the Til digi- 
tal interface are: TEDS read, in which the 
uC in the NCAPS reads the data in the 
STIM's electronic data sheet; sensor read, 
in which the NCAP accepts data from the 
sensor; TEDS write, in which the u,C 
writes data (for example, error-correc- 
tion coefficients) to the TEDS; and actu- 
ator write, in which the NCAP sends data 
to an actuator. In the sensor-read opera- 
tion, the NCAP triggers the STIM to be- 
gin sensor reading. Upon completion, the 
STIM issues a trigger-acknowledge sig- 
nal, and the NCAP reads the sensor data. 
In the actuator-write operation, the 
NCAP writes values and triggers the 
STIM. The STIM performs actuation and 
issues a trigger-acknowledge signal. 

IEEE 1451.2 handles several types of 
transducers: actuators and unbuffered, 
buffered, data-sequence, buffered-data- 
sequence, and event-sequence sensors. In 
a buffered sensor, the value returned to 
the NCAP is the value from the previous 
trigger to the STIM. A data-sequence sen- 
sor typically synchronizes its sampling 
time with the timing in the physical sys- 

IEEE 1451.2 COMES IN FOUR FLAVORS 



>RS-485 and Ethernet NCAPs are available 
for the new IEEE 1451.2 standard. 



tern it is measuring. An event-sequence 
sensor is similar to a data-sequence sen- 
sor, but it does not return any data; the 
time of an event is the relevant informa- 
tion. 

TEDS: THE HEART AND SOUL OF IEEE 1451.2 

Imagine that it is the dark days of 
dumb-sensor technology, and you are de- 



signing a temperature-measurement sys- 
tem for a factory-automation network. 
Perhaps you use a thermistor as the sens- 
ing element. You have to establish cali- 
bration tables for the sensors to be able to 
correct for nonlinearities. Maybe you en- 
ter the tables into EEPROMs or flash 
memory. Then comes the task of con- 
verting the analog sensor data using 
ADCs, taking into account the calibra- 
tion-table error corrections. Add the tim- 
ing and u,C- interface protocols, and the 
seemingly simple temperature measure- 
ment becomes a major design project. 
The IEEE 1451.2-mandated TEDS, along 
with the digital protocols, reduces the de- 
sign task to an essentially plug-and-play 
effort. 

Reference 4 describes the types of elec- 
tronic data sheets IEEE 1451.2 mandates 
in an STIM, along with those the stan- 
dard specifies as optional. Table 1 gives 
an overview of the various types of 
TEDS. The Meta TEDS contains the data 
that describes the entire STIM. The data 
includes the revision of the IEEE stan- 
dard and the version number of the 



IEEE 14512 is an IEEE-approved 
standard This norm has three 
siblings in the works: P1451.1, 
j P1451.3, and P1451.4. (The "P" 
indicates a proposed standard 
that is still in draft form.) The j 
standards' titles are: 

• P1451.1-Network-Capable 
Application Processor 
(NCAP) Model; 

• 1451.2-Transducer-to- 
Microprocessor Corn- 



well as the digital-interface specs 
for the model. Tremont Miao, 
product manager for sensors at 
Analog Devices, explains that 
P1451.1 is the key to imparting 
network independence to trans- 
ducera. The goal of the P1451 
working group is develop *' 
"meta-language" that ada| 
NCAPs to various network stan 
dards and fieldbuses, much as 




Java and its "virtual machines" 
j munication Protocols and provide platform independence 
Transducer Electronic Data to software developers. 

Sheet (TEDS) Formats; IEEE 14512 defines the 

- t w 



P1451 J-Digital Com- mandatory TEDS in a smart- 

municatjon and TEDS transducer interface module 

Formats for Distributed . P (STIM) and specifies the digital- 
Multidrop Systems; and interface and communications 
P1451.4-Mixed-Mode Com- protocols between the STIM and 



munication Protocols and 

TEDS Formats. 

Reference A explains the 
relationship between the four 
interdependent standards. The 
. goal of P1451.1 is to define the 
information model for net- 
worked smart transducers, as 
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the NCAP. P14513 arose be- 
cause, in some harsh environ- 
ments, if s not possible to physi- 
cally attach the TEDS to the 
transducers. In other applica- 
tions, the transducers may be 
distributed across an area in 
which it is undesirable to install 



an NCAP for each transducer. In 
...such systems, P14513 defines a 
standard digital interface for 
multiple physically 
transducers in a mul- 
iguration. 
P1451.4 defines an interface 
or analog transducers that ac- 
commodate mixed-mode opera- 
tion. The standard allows the 
analog transducers to communi- 
cate digital information for the 
purposes of serf-identification 
and configuration. The transduc- 
er, with associated electronics, 
sends out manufacturer-generat- 
ed TEDS data upon power-up or 
upon command. After sending 
this data, the transducer switch- 
es to analog mode and delivers 
analog sensor signals. The four 
IEEE standards work together to 
make the following scenarios 
possible: 

• A 14512-compliant STIM con- 
nects to a P1451.1 
NCAP; 

• AP14513-complianttra 





ducer bus-interface module 
(TBIM) connects to a 
Pl451.Kompliant NCAP that 
supports Pl45l3-compliant 
interface and transducer 
blocks; 

• A P1451 .4-compliant mixed- 
mode sensor connects to a 
P1451.1 -compliant NCAP that 
supports the P1451.4 inter- 
face; 

• A Pl451.4-compliant mixed- 
mode sensor connects to a 
P1451.1 -compliant NCAP via 

. a P1451.3<ompliant TBIM; 

• APl4513-compliantTBIM 
connects to a P1451.1 -compli- 
ant NCAP through the 14512 
interface via a conversion 

module. 


Reference 

A Lee, Kang, "An Overview of 
the IEEE 1451," Sensors Expo, * 
May 19 to 21, 1998, San Jose, j 
CA. 
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TEDS. It also contains the number of 
channels in the STIM and 
the worst-case timing para- 



Figure 1 



meters required to access the channels. 
The NCAP needs this channel informa- 
tion to access the channel data. The Meta 
TEDS also contains the channel group- 
ings that describe the relationships be- 
tween channels. 

A Channel TEDS exists for each chan- 
nel in the STIM. This electronic data 
sheet gives the details about each chan- 
nel. The Meta TEDS lists the worst-case 
timing for the entire STIM; the Channel 
TEDS lists the timing parameters for the 
relevant channel. It also lists the type of 
transducer, the format of the data word 
at the channel's output, the physical 
units, upper and lower specification lim- 
its, accuracy figures, and whether the 
STIM has calibration information. 

The Calibration TEDS contains the in- 
formation to allow the NCAP to convert 
the raw output of the ADC in a STIM to 
the physical units called out in the Chan- 
nel TEDS. For actuators, it contains the 
constants to allow the NCAP to convert 
the data in the physical units that the sys- 
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tern supplies to the format that the actu- 
ator requires. The Calibration TEDS also 
contains the last-calibration date and 
time and the calibration interval. For the 
calibration constants to be useful, an al- 
gorithm for using them must be avail- 
able. The IEEE 1451.2 standard includes 
a general algorithm. If you need a differ- 



as well as the 



ent algorithm, you must define a Cali- 
bration TEDS Extension to include in the 
Channel TEDS. The algorithm in the 
standard provides the capability for us- 
ing other channels in the STIM to correct 
the output of a primary channel. 

Referring to the "calibration table" for 
the dumb sensor discussed earlier, the 
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Calibration TEDS stores an array of sin- 
gle-precision correction coefficients in a 
2-D array, or table. This table, dubbed the 
"multinomial coefficient table," 
contains the correction factors for 



Figure 



all the channels in the STIM. The NCAP 
uses these coefficients to perform calcu- 
lations that correct the transfer function 
of the sensor or actuator in question. To 
avoid high-order polynomials, the stan- 
dard uses a segmented calibration, in 
which each segment can have a variable 
width, offset, and number of coefficients 
(Figure 2, Reference 5). The NCAP 
should have a general correction engine 
that understands the calibration scheme, 
so it can run "blindly" no matter which 
transducer it works with. 

The Generic Extension TEDS allows 
industry groups to provide additional 
TEDS that the IEEE working group does 
not anticipate in a machine-readable 
format. If a Generic Extension TEDS is 
present, the Channel TEDS identifies it. 
The Meta Identification TEDS is a hu- 
man-readable memory space that the sys- 
tem may wish to retrieve from the STIM 
for display purposes. This TEDS contains 
fields for the manufacturer, the model 
number and serial number of the STIM, 
and a date code. It also includes the name 
of each channel grouping in the same or- 
der the groupings appear in the Meta 
TEDS. 

A STIM can contain multiple channels 
that have some built-in relationship to 
each other. For example, one supplier 
might provide a three-axis accelerometer 
with the x axis as Channel 1, the y axis as 
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Hewlett-Packard's Bfoot-66501 Ethernet controller is an IEEE 1451.2 
NCAP that you can customize using C or C++. 



Channel 2, and the z axis as Channel 3. 
Another supplier might use channels 7, 
2, and 4 for the three axes. By creating a 
channel grouping and identifying which 
channel in the grouping represents each 
axis, the Meta TEDS allows the NCAP to 
correcdy process the respective channels. 

The Channel-Identification TEDS is 
similar to the Meta-identification TEDS. 
The Channel-Iden- 
tification TEDS is 
useful when a 
STIM contains 
transducers from 
multiple manufac- 
turers. This TEDS 
provides the same 
information for 
each channel that 
the Meta-identifi- 
cation TEDS sup- 
plies for the STIM. 
It contains no 
channel groupings, 
because they exist 
only at the STIM 
level. The Calibra- 
tion-Identification 



TEDS provides a place in the STIM for 
details about the calibration. It can in- 
clude such information as who per- 
formed the calibration and what stan- 
dards the calibrator used. IEEE 1451.2 
does not define the End-User Applica- 
tion-Specific TEDS; it provides a place to 
store information, such as the location 
and time of the installation, or any other 
details the user would like to save. 

SMART PRODUCTS EMERGE 

Product development for the IEEE 
1451.2 standard is in its infancy. Howev- 
er, the emergence of IEEE 1451.2 as an 
approved standard has spurred a lot of 
design activity. Several companies have 
developed STIM-ready circuits, complete 
STIMs, and NCAPs. The ADuC812 Mi- 
croConverter from Analog Devices is an 
example of a STIM-ready IC (Figure 3). 
The device contains a 12-bit ADC; two 8- 
or 10-bit DACs; an eight-channel multi- 
plexer; and an on-chip u.C that holds 8 
kbytes of program-flash EEPROM, 640 
bytes of data-flash EEPROM, and 256 
bytes of data RAM. According to Stan 
Woods, Hewlett-Packard project manag- 
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er and chairperson of the IEEE 
1451.2 Working Group, the 
ADu.C812 contains all the 



Figure 3 



elements you need to incorporate the 
IC into a STIM: the logic to imple- 
ment the Til, memory to store the 
TEDS, and circuitry to convert sen- 
sor signals or drive actuators. 

Although the MicroConverter is 
STIM-ready, the device is not re- 
stricted to use in IEEE 1451.2 sys- 
tems. In fact, the data sheet for the 
new IC does not state specs in IEEE- 
1451.2 terms. To integrate the 
ADuC812 into a smart-sensor sys- 
tem, you have to dig deeply into the 
IEEE standard to relate the standard's 
requirements to the IC's specs, mem- 
ory allocation, timing characteristics, 
and logic capabilities. Analog Devices 
is preparing an application note, slat- 
ed to appear soon, that provides "au- 
thoring tools" for writing IEEE 1451.2 
TEDS in the MicroConverter's flash EEP- 
ROM. The application note, with associ- 
ated software, will be available on Analog 
Devices' Web site. 

The Analog Devices part and others 
like it are building blocks for developers 
that specialize in designing STIMs and 
NCAPs. Two such developers, deeply 
dedicated to the IEEE 1451.2 standards, 
are Electronics Development Corp 
(EDC) and Hewlett-Packard. Both com- 
panies use accelerometer and ADC chips 
from Analog Devices in their STIMs. 
EDC offers the Smart Transducer Inter- 
face Kit, a quick-start way to build 
STIMs. The 1451.2-KA kit contains two 
EDC 1451.2-SA interface modules. One 
interface module connects to an Analog 
Devices ADXL05 accelerometer; the sec- 
ond interface module allows you to con- 
nect your own transducers to build an 
IEEE 1451.2 STIM. The kit also includes 
software for calculating the channel-cor- 
rection factors from calibration data and 
for generating, editing, and loading 
TEDS files into the STIMs. 

The 1451.2-KA kit not only provides 
for STIMs, but also includes an RS-485 
network node to provide the functions 
of an NCAP. The 1451.2-NA RS-485 
Network Node includes an RS-232C se- 
rial interface and software that allows 
you to use a PC to load and view TEDS 
or to set and monitor transducers. Two 
RS-484 ports allow you to daisy-chain 
nodes. You can connect as many as 255 
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1451.2-NA nodes into a single RS-484 
network. Each node contains its own 
electronic data sheet; each electronic data 
sheet contains the model number, the se- 
rial number, and a 32-bit identifier. The 
PC automatically finds each node and as- 
signs it an 8-bit network identifier upon 
initialization of the network. This 8-bit 
identifier is present in all communica- 
tions with the nodes. 

A smart sensor from PCB Piezotronics 
complies with IEEE PI 45 1.4. Models 
T356B07 and T356B08 vibration sensors 
identify themselves by model number, se- 
rial number, sensitivity, sensor type, and 
location when you address the devices. 
The sensors are compatible with IEEE- 
1451 -compliant signal conditioners from 



i 




The MicroConverter from Analog Devices con- 
tains all the logic and memory to comply with 
the TEDS and Til specs of IEEE 1451.2. 



complete data-acquisition system on a chip from Analog Devices contains the logic and memory 
to configure an IEEE 1451.2 TEDS, as well as the Til to the NCAP. 



The Modal Shop. PCB offers a develop- 
er's kit for designers interested in incor- 
porating a smart-sensor reader into their 
acquisition equipment. 

IEEE 1451.2 promises to vasdy simpli- 
fy networking in systems using sensors 
and actuators. Ethernet makes the same 
promise. Ethernet is the penultimate 
open standard; it transports 10 Mbps. 
Hewlett-Packard recognizes the inherent 
potential in the marriage of the two open 
standards— IEEE 1451 and Ethernet— 
and is developing a series of compatible 
NCAPs. Figure 4 compares industrial 
networks using older, application-specif- 
ic gateways (Figure 4a) and Ethernet- 
based, application-independent gateways 
(Figure 4b). In the non-Ethernet net- 
works, you need an application-specific 
gateway every time field networks meet; 
in an Ethernet network, the routers, 
switches, and gateways control traffic. 

TheBfoot-66501 embedded-Ethernet- 
controller board from Hewlett-Packard 
is a thin Web server for manufacturers of 
smart sensors and actuators. The module 
uses a custom ASIC to provide a com- 
plete plug-and-play Internet connection 
using standard interfaces. The Bfoot- 
66501 is a development board that ac- 
commodates round or rectangular form 
factors. You can customize the boards 
with HTML pages and Java applets. 
Client applications interface with HTTP, 
dynamic-link-library, Active X, and OPC 
protocols based on the IEEE 1451.1 com- 
mon object model. The board is also an 
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The use of Ethernet for a sensor/actuator network greatly reduces the need for 

! with each other and the 



IEEE 1451.2 NCAP, for which you can 
create and download custom programs 
to a C or C++ programming environ- 
ment supported by a library of function 
blocks from Hewlett-Packard. 

The network interface for the Bfoot- 
66501 complies with lOBaseT Ethernet; 
the transducer interface satisfies IEEE 
1451.2. The board uses a 68000-class |xP; 
it also contains a 500-kbit flash memory 
and more than 1 Mbit of RAM for user 
customization. Its IEEE 1451.2 interface 
driver includes a library of sensor and ac- 
tuator device types and a full correction 
engine for STIM-based TEDS. Hewlett- 
Packard offers an option called Time 
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Sync Time Sync uses standard Ethernet 
to synchronize the onboard clocks of all 
nodes to within 200 nsec. You can use this 
capability to make correlated measure- 
ments or to precisely control events. Time 
Sync increases your application's robust- 
ness by making measurement and con- 
trol independent of network-traffic, ap- 
plication-logic, and u.P-stack jitter. 

The products mentioned in this article 
are available now. However, many more 
products are in development, and many 
will probably become available by the 
time you read this article or shortly there- 
after. Microsmith Inc, for example, is de- 
veloping NCAPs for the LonWorks, SDS, 
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and DeviceNet network protocols. Mi- 
crosmith constructs the devices of rugged 
aluminum, so you can mount them near 
transducers without additional enclo- 
sures. You can enter all parameters using 
a small keypad and monitor the NCAP's 
functions and settings with a two-by- 
eight-character LCD. Table 2 lists the 
IEEE 1451 -related development efforts 
under way at several hardware and soft- 
ware companies. 

The IEEE 1451 Working Groups are 
busy putting the finishing touches on the 
remaining draft specs. When finished, the 
ensemble will have a profound effect on 
the design of networked sensor and ac- 
tuator systems. In the meantime, IEEE 
145 1 .2 is an official standard, and you can 
proceed full steam ahead designing 
STIMs and the transducers that go into 
them. The National Institute of Standards 
and Technology (Gaithersburg, MD) is 
the governing body in the development 
of the IEEE 1451 standards. For infor- 
mation on the proposed and existing 
standards, you can contact Kang Lee at 
the NIST by phone at 1-301-975-6604, 
by fax at 1-301-990- 
3851, or by e-mail at 
kang.lee@nist.gov. To 
order the standards, 
contact the IEEE by 
phone at 1-800-678- 
4333 (1-732-981- 
0600 outside the 
United States and 
Canada) or by fax at 
1-732-981-9667. □ 



You can reach 
Senior Technical 
Editor Bill Travis at 
1-617-558-4471, 

fax 1-617-558- 
4470, b.travis® 

cahners.com. 
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